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Abstract: Tree nut and extra virgin olive oil (EVOO) supplementation can improve cardiometabolic 

health. However, the effects of tree nut and EVOO consumption on aging biology is unknown. We 

carried out an exploratory four-week tree nut and EVOO supplementation intervention in 33 adults 

48 – 81 years of age (mean age: 68 ± 9 years) with metabolic syndrome to generate preliminary data 

on a measure of biological aging – epigenetic aging, and qualitatively explored participants’ interest 

in knowing their epigenetic aging measures. Epigenetic aging was measured in all participants at 

baseline and after the 4-week intervention (DunedinPACE and GrimAge). At baseline, participants 

had advanced epigenetic aging measured by the DunedinPACE biomarker but not the GrimAge 

biomarker, with 100% of participants having DunedinPACE>1 (Wilcoxon test, p=3.73E-9), and 38% 

of participants having AgeAccelGrim>0 (Wilcoxon test, p=0.48). 84% of participants reported they 

thought they could participate in a similar 3-4 year study. The majority (77%) of participants educated 

about epigenetic aging reported they very much wanted to know their epigenetic age (77%), and that 

they would be somewhat likely (29%) or very likely (57%) to eat tree nuts and EVOO daily if it slowed 

biological aging. There was not a significant (p<0.05) change in epigenetic aging measures from 

baseline to after the 4-week intervention. This study further substantiates advanced epigenetic aging 

in individuals with metabolic syndrome. This pilot study also demonstrates participant interest in 

learning about biological age and supports the potential for biological aging measures to motivate 

behavior change. 

Trial registration number: NCT04361617 (Date of registration: 04-23-2020) 
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Introduction 

A goal of geroscience is to reduce the risk of multiple age-related diseases simultaneously and 

improve healthspan by developing preventive approaches that target fundamental process of aging 

[1–3]. However, a better understanding is needed of which age-related measures to select for aging 

intervention outcomes and predicting or monitoring clinical responses. Biomarkers of epigenetic 

aging have been proposed as potential surrogate measures of healthspan that may change rapidly 

over a short-term intervention and predict long-term clinical effects [4]. A growing number of 

epigenetic aging biomarkers have been developed based on DNA methylation levels in blood that 

are predictive of chronological age differential morbidity and mortality risk, and phenotypic aging 

[5–10]. While no standard measure of epigenetic “aging” has yet emerged, this tool offers promise as 
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an objective measure of health status that may be measured across the life course with a simple blood 

test. 

Nutrition impacts healthspan and may affect the rate of biological aging in humans [11,12]. A 

number of a priori-defined dietary indices that capture the essential components of a healthy diet [13] 

have been shown to be inversely associated with the risk of frailty, morbidity, and mortality, 

including the Healthy Eating Index (HEI), a measure of adherence to the Dietary Guidelines for 

Americans, [14] as well as the Dietary Approaches to Stop Hypertension (DASH) [15,16] and alternate 

Mediterranean (aMED) [17] diet indices [13,18–24]. However, controversy remains regarding the 

optimal dietary guidelines to promote healthy aging [25]. For instance, dietary patterns including the 

original DASH diet recommend a low-fat diet [26]. However, a low-fat diet had no significant effects 

on incidence of cardiovascular disease (hazard ratio, HR, 0.98; 95% confidence interval, CI, 0.92-1.05) 

in the Women’s Health Initiative randomized controlled trial of 48,835 postmenopausal women aged 

50 to 79 years [27]. Alternatively, consumption of foods higher in mono- and polyunsaturated fats 

including extra virgin olive oil and fish is hypothesized to underlie benefits associated with 

Mediterranean-style dietary interventions [28–31]. A better understanding of the impact of dietary 

factors on biological mechanisms of aging could help lay the foundation for development of precision 

nutrition approaches customized to increase healthspan. 

Changes in epigenetic aging biomarkers may be useful indictors of the effects of diet on aging 

biology. Emerging evidence from dietary intervention studies support the potential to slow 

epigenetic aging through dietary modifications [32–34]. Cross-sectional associations also suggest that 

higher diet quality is associated with slower epigenetic aging [35–37]. However, the longitudinal 

effects of diet on epigenetic aging are not clear. 

We hypothesize that a simple Mediterranean diet-inspired intervention involving daily tree nut 

and extra virgin olive oil (EVOO) supplementation will slow epigenetic aging and increase 

healthspan, particularly in individuals with advanced biological aging. Supporting our hypothesis, 

a five-year study in Spain (PREDIMED) evaluated the effects of the Mediterranean diet on primary 

prevention of cardiovascular disease (CVD) in subjects at high risk of CVD [30]. PREDIMED was a 

multicenter, randomized, controlled clinical trial of 7,447 participants who were randomized to one 

of three diets: Mediterranean diet supplemented with EVOO, Mediterranean diet supplemented with 

mixed nuts, or a low-fat control diet. PREDIMED found a reduction in the cardiovascular event rates 

in both intervention groups compared to the low-fat control group. Additionally, post-hoc analysis 

of individuals meeting the criteria for metabolic syndrome (MetS) at baseline revealed EVOO and 

nut consumption was more likely to result in reversion of MetS compared to the low-fat control diet 

(HR = 1.35 95% CI: 1.15 – 1.58, p<0.001) [38]. 

Metabolic syndrome is a cluster of metabolic irregularities that significantly increase the risk of 

developing type 2 diabetes (T2D) and CVD [39]. The cluster of metabolic irregularities that comprise 

MetS includes several known CVD risk factors that typically increase with age, including 

hypertension, elevated fasting glucose levels, increased triglyceride levels, reduced high-density 

lipoprotein (HDL) cholesterol levels, and central adiposity. The presence of three of the five metabolic 

irregularities constitutes a diagnosis of metabolic syndrome [40]. The prevalence of MetS is rising 

worldwide, and as of 2018, over half of adults 60 years and older met the criteria for MetS [41,42]. 

MetS and MetS components including abdominal obesity, reduced HDL cholesterol levels, high 

blood pressure, and elevated blood glucose have been associated with advanced biological aging [43–

47], including DNA methylation-based epigenetic aging measures [48,49]. Significant reductions in 

central obesity (p<0.001) were observed in PREDIMED participants with MetS in both the EVOO and 

mixed nut intervention groups compared to the low-fat control diet [38]. Further, PREDIMED 

participants with MetS in the EVOO supplementation group were more likely to no longer meet the 

criterion of high fasting glucose levels compared to the low-fat control diet (p = 0.02). However, the 

effects of tree nut and EVOO supplementation on epigenetic aging is unknown. 

Despite the potential benefit of EVOO supplementation and nut consumption for treatment of 

MetS, lower levels of adherence to the PREDIMED intervention was found in participants with a 
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larger waist circumference, lower physical activity levels at baseline, and a higher number of CVD 

risk factors [50]. We hypothesize that conveying potentially modifiable estimates of biological aging 

to participants at the onset of a dietary intervention will improve participant adherence to dietary 

interventions. In particular, epigenetic aging biomarkers have potential to be modifiable estimates of 

biological aging [5,7–10] that could serve as a motivating factor for dietary changes to improve 

participant adherence to the intervention. 

To provide support for the development of dietary approaches targeting fundamental biological 

processes of aging to increase healthspan, and translation of epigenetic aging biomarkers as tools to 

motivate behavior change, here we report results from a four-week pilot study of tree nut and EVOO 

supplementation in adults with MetS. The goals of this pilot study were to 1) determine the 

prevalence of advanced epigenetic aging among adults with MetS, 2) assess adherence to daily tree 

nut and EVOO consumption over the four-week intervention, 3) explore how participants’ 

experiences would impact the feasibility of a larger clinical intervention, and 4) qualitatively assess 

participants’ interest in knowing their epigenetic aging measures and potential for knowledge of 

epigenetic aging measures to motivate behavior change and improve intervention adherence. An 

exploratory aim was to examine early changes in epigenetic aging biomarkers associated with the 

four-week tree nut and EVOO intervention. 

Methods 

Study Design 

This study was a prospective, longitudinal, two-arm feasibility pilot study. Men and women 

residing in and around Winston-Salem/Forsyth County, North Carolina were recruited to participate 

in this study. Inclusion criteria required participants to be at least 35 years of age and to meet the 

criteria for MetS, defined as at least three of the following: waist circumference >102 cm in men and 

>88cm in women, Triglyceride levels >150 mg/dL and/or drug treatment for elevated triglycerides, 

HDL cholesterol levels <40 mg/dL in men and <50 mg/dL in women and/or drug treatment for 

reduced HDL cholesterol, systolic blood pressure >130 mm Hg or diastolic blood pressure >85 mmHg 

and/or antihypertensive drug treatment, and fasting glucose >100 mg/dL or hemoglobin A1c > 5.6% 

and/or oral hypoglycemic medications. Participants were also required to be willing to comply with 

study visits, as outlined in the protocol, to be able to read and speak English, not have allergies or 

hypersensitivities to olive oil or nuts, and to have the ability to understand and the willingness to 

sign a written informed consent document. Exclusion Criteria included plans to move from the study 

area in the next 12 weeks, body mass index (BMI) > 40 kg/m2, dementia that is medically documented 

or suspected, or clinical evidence of cognitive impairment sufficient to impair protocol adherence, 

any dietary practice, behavior or attitude that would substantially limit ability to adhere to protocol, 

homebound for medical reasons, living in the same household with another participant, and insulin-

dependent diabetes. This study was reviewed and approved by the Institution Review Board (IRB) 

of Wake Forest University Health Sciences (IRB00065273) and all participants signed an informed 

consent document prior to study commencement. 

Participants who met the eligibility criteria were invited to participate in a four-week tree nut 

and extra virgin olive oil (EVOO) intervention. Participants were randomized to learn about 

epigenetic aging or not to learn about epigenetic aging in a 1:1 allocation at the intervention visit. 

Those in the intervention arm learning about epigenetic aging received educational materials (see 

Supplemental Information) and a brief description of epigenetic aging. All participants provided 

blood samples to determine epigenetic aging estimates. 

Intervention Foods: Tree Nuts and Extra Virgin Olive Oil 

All participants received a four-week supply of EVOO and tree nuts, including individual daily 

servings (1 oz. each) of unsalted English walnuts, almonds or pistachios (approximately 10-day 

supply of each type). Participants were asked to consume one ounce of tree nuts per day and two 
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tablespoons of EVOO per day by incorporating these foods into their diet. Participants were provided 

recipes and other information to help them to replace other foods with the nuts and oil. Dietary 

adherence diaries were given to measure incorporation of the study foods. 

Study Measures 

Participants had in person study-related measurements collected at baseline and at the end of 

the four-week intervention. For the baseline visit, participants were asked to fast and complete study 

questionnaires to measure demographics, health history Mediterranean diet adherence [51,52] to 

assess their baseline diet including consumption of olive oil and nuts (see Supplemental Information). 

Blood pressure was measured after resting five minutes and sitting upright. Body weight was 

measured in kilograms using a beam scale with movable weights with participant wearing indoor 

clothing with no shoes. Height and waist circumference were measured in centimeters. Participants 

had a fasting blood collection, and triglyceride levels, HDL cholesterol levels, and fasting glucose 

measurements were performed in a local LabCorp facility. Blood was collected in Vacutainer tubes 

(with EDTA) for DNA methylation analyses, performed at Wake Forest University School of 

Medicine. 

A telephone visit was conducted at the end of week 1 after the intervention visit to assess 

safety/potential side effects, to collect adherence diaries, and for additional diet counseling. A follow-

up phone call for compliance assessment and to answer participant questions was also conducted at 

the end of week 2. 

At the final visit at the end of week 4, participants were asked to be fasting, complete a 

Mediterranean diet screener, and adherence diaries were collected. Blood pressure, body weight, 

height, and waist circumference were assessed as in the Baseline visit, and fasting blood was 

collected. All participants were administered an Intervention Experience Assessment to explore how 

participants’ experiences would impact the feasibility of a larger clinical intervention in terms of 

challenges and motivators. Participants in the intervention arm educated about epigenetic aging were 

also asked to complete a self-administered exit questionnaire to qualitatively explore participants’ 

perception of epigenetic aging as a potential motivator for behavior change. 

Epigenetic Aging 

DNA was extracted from fasting blood samples, and was bisulfite-converted using the EZ DNA 

Methylation Gold kit (Zymo, Irvine, CA). The Illumina Infinium MethylationEPIC BeadChip, which 

targets over 850,000 CpG sites, and the Illumina iScan Reader were used to determine the proportion 

of DNA methylation at each site. Quality control measures included the cumulative fluorescent signal 

being significantly greater than the negative controls included for each sample, and a threshold of 

detection p-value of ≤0.05 in at least 90% of the samples. The BioConductor R package ChAMP [53] 

was used for quality control, including a BMIQ adjusted for the different assays performed (i.e., 

Infinium I and Infinium II). After filtering for poorly-performing assays, 720,027 methylation values 

passed quality control. Adjustment for slide (each BeadChip) was performed using Combat [54]. 

Epigenetic aging measures were calculated from DNA methylation profiles (beta-value) using 

the DunedinPACE [10] and GrimAge [9] biomarkers. For DunedinPACE, 173 DNA methylation 

profiles were utilized to calculate an epigenetic biomarker of ‘Pace of Aging’ [10], with an additional 

19,827 DNA methylation profiles used for the normalization process [10]. DunedinPACE was 

designed to be interpreted with a reference to an average rate of one year of biological aging per year 

of chronological aging, with values greater than 1 representing a faster rate of aging, or advanced 

epigenetic aging. For GrimAge, 1,030 DNA methylation profiles were utilized to calculate the 

GrimAge biomarker [9]. GrimAge was designed as an epigenetic predictor of time-to-death [9]. 

GrimAge values were regressed on chronological age to produce estimates of epigenetic aging 

relative to chronological age (AgeAccelGrim), with values greater than zero representing advanced 

epigenetic aging. 
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Outcomes 

To characterize the relationship between MetS and epigenetic aging, we examined the 

prevalence of advanced epigenetic aging among participants. To assess adherence to daily tree nut 

and EVOO consumption over the four-week intervention, we calculated the proportion of days for 

which tree nuts were taken, the proportion of days for which EVOO was taken, and the proportion 

of days for which tree nuts and EVOO were taken, based on the daily adherence diaries. To assess 

participant experiences and gauge feasibility of a long-term tree nut and EVOO intervention, we 

asked participants: “How difficult did you find it to eat the tree nuts and olive oil every day?” 

reported on a scale of 1 to 10, with 1 being “not difficult at all”, 5 being “moderately difficult”, and 

10 being “very difficult”, “Will you continue to eat tree nuts and olive oil daily after completing the 

research study?” reported as “very unlikely”, “unlikely”,” neutral”, “somewhat likely”, “very likely”, 

and “Do you think that you would be able to participate in a study like this one that lasted 3-4 years? 

In other words, would you be able to continue eating the tree nuts and olive oil for 3-4 years?” 

reported as” yes” or “no”. Participants in the epigenetic aging intervention group were additionally 

asked, “Using the scale below, indicate how much you want to know your epigenetic age: “Not at 

all”, “not much”, “neutral”, “somewhat”, “very much”, “Before beginning this study, if you were 

told your epigenetic age appeared more advanced than your chronological age, do you think you 

would be more or less motivated to eat the nuts and olive oil every day?” reported as: “not motivated 

at all”, “less motivated”, “neutral”, “more motivated”, and “very motivated”; and “If eating tree nuts 

and olive oil slowed biological aging, how likely would you be to continue to eat tree nuts and olive 

oil daily?” reported as: “very unlikely”, “unlikely neutral”, “somewhat likely”, “very likely”. As an 

exploratory outcome we compared epigenetic aging measures, DunedinPACE and GrimAge, and 

MetS component measures, at the baseline visit and the final four-week visit. 

Statistical Analyses 

Descriptive statistics (means, standard deviations, frequencies, etc.) were used to summarize 

participant characteristics and outcomes. Participants were tested for advanced epigenetic aging 

using a one-sided nonparametric Wilcoxon test against one for DunedinPACE and against zero for 

AgeAccelGrim. Change in epigenetic aging measures, DunedinPACE and GrimAge, and MetS 

component measures [waist circumference, triglyceride levels, HDL cholesterol levels, systolic blood 

pressure, diastolic blood pressure, fasting glucose levels, and hemoglobin A1c (HbA1c) levels] were 

compared from the baseline visit and the final four-week visit using a paired sample t-test. 

Results 

Participants were enrolled from July 2021 to February 2022. Of the 54 individuals that attended 

the in-person screening, 53 individuals provided informed consent and one individual refused to 

participate. 34 of the 53 participants (63%) were found to be eligible for the intervention. Among 

excluded participants, 17 did not meet the criteria for MetS, and two had a BMI > 40 kg/m2. 

Participants were between 48 and 81 years (mean age: 68 ± 9 years), and were randomized to either 

the epigenetic aging knowledge arm or the active comparator group (Table 1). One participant 

withdrew before study completion, with 33 participants completing the four-week tree nut and 

EVOO intervention. The majority of participants were women (59%), White (56%), and reported a 

non-Hispanic ethnicity (100%). Participants had a low to moderate level of adherence to a 

Mediterranean-like diet on average (mean MedDiet Screener score = 6.7 ± 1.9). Olive oil was reported 

as main culinary fat by 45% of participants, with average daily consumption of 0.9 ± 3.5 tablespoons 

of olive oil. Average nut consumption, including peanut consumption, per week was 6.2 ± 4.5 

servings at baseline. 
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Table 1. Population Characteristics. 

Characteristic 

Overall 

N=34 

Epigenetic age 

knowledge arm 

N=17 

Active comparator 

arm 

N=17 

Age     mean (SD) 68 (9) 65 (11) 70 (8) 

Gender 
 

  

    Female, N  20  12 8 

    Male, N  14  5 9 

Race    

Black or African American, N 13 6 7 

    White, N 19 11 8 

    More than one race, N 1 0 1 

    Unknown/ not reported, N 1 0 1 

Ethnicity   Non-Hispanic, N 34 17 17 

Education    

    High School, N 3 2 1 

    >High School, <Bachelors, N 13 6 7 

    Bachelors, N 11 7 4 

    Post-graduate, N 6 1 5 

MedDiet Screener score     

    Weak adherence (0-5 points) 7 3 4 

    Moderate adherence (6-9 points) 24 13 11 

    Good adherence (10-14 points) 2 1 1 

Epigenetic Aging measures    

    DunedinPACE, mean (SD) 1.179 (0.089) 1.146 (0.075) 1.208 (0.092) 

    AgeAccelGrim, mean (SD) 0.06 (2.24) -0.51 (1.82) 0.56 (2.50) 

MedDiet Screener score reflects adherence to a Mediterranean-like diet [51]. 

At baseline, advanced epigenetic aging was observed using the DunedinPACE biomarker of 

pace of aging, with 100% of participants having DunedinPACE faster than one year of biological 

aging per year of chronological aging (Wilcoxon test > 1, p=3.73E-9; DunedinPACE mean ± SD = mean 

1.18 ± 0.09, see Figure 1A). There was not significant advanced epigenetic aging relative to 

chronological age at baseline based on the GrimAge biomarker, with 11 of the 29 participants with 

DNA methylation at baseline having AgeAccelGrim>0 (Wilcoxon test > 0, p=0.48). 
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Figure 1. Boxplot and descriptive statistics of epigenetic aging biomarkers measured in 29 participants with 

metabolic syndrome, including DunedinPACE (left) and AgeAccelGrim (right), A) at baseline and at the end of 

the four-week intervention involving daily supplementation of an ounce of tree nuts and two tablespoons of 

extra virgin olive oil. 

Self-reported adherence to daily tree nut and EVOO consumption over the four-week 

intervention was high. On average participants reported it was “not difficult at all” to consume one 

oz. of tree nuts every day (average adherence 98.6%), and that it was between “not difficult at all” 

and “moderately difficult” to consume two tablespoons of olive oil every day (average adherence 

96.4%). The average adherence to daily nut supplementation was 98.6% overall, with 99.7% for 

epigenetic aging arm and 97.7% for active comparator arm, with no significant (p<0.05) statistical 

difference by intervention arm (p=0.10). The average adherence to daily EVOO supplementation was 

96.4%, with no significant statistical difference by intervention arm (95.6% for epigenetic aging arm, 

97.2% for the active comparator arm, p=0.51). 

The majority of participants in this pilot study (84%) reported they would be able to continue 

eating tree nuts and EVOO in a study like this lasting three to four years (76% of the epigenetic aging 

arm and 93% of the active comparator arm (t =-1.3, p =0.19). Results from the participant experiences 

survey conducted after the 4-week intervention are included in the Supplemental Information. 

The majority (77%) of participants in the epigenetic aging arm reported they “very much” 

wanted to know their epigenetic age. Also 82% reported that if they were told their epigenetic age 

appeared more advanced than chronological age, they would be “more motivated” or “very 

motivated” to consume the tree nuts and EVOO every day. Results from the participant epigenetic 

aging survey are included in the Supplemental Information. 

On average epigenetic aging scores decreased from baseline to after the 4-week intervention; 

however, the changes were not significant (p<0.05) for either epigenetic aging measure (Figure 2). 

Additionally, all MetS component measures changed in the expected direction of improvement, with 

the exception of HbA1c; however, the changes were not significant (p<0.05) for any MetS component 

measures (Figure 3). 
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Figure 2. Change in epigenetic aging biomarkers measured in 29 participants with metabolic syndrome, 

including DunedinPACE (left) and AgeAccelGrim (right), from baseline to the end of the four-week intervention 

involving daily supplementation of an ounce of tree nuts and two tablespoons of extra virgin olive oil; 

significance of change calculated with a paired t-test (p-value). 

 

Figure 3. Boxplot and descriptive statistics of metabolic syndrome component measures measured in 33 

participants with metabolic syndrome, A) at baseline and at the end of the four-week intervention involving 

daily supplementation of an ounce of tree nuts and two tablespoons of extra virgin olive oil, and B) change in 

metabolic syndrome component scores from baseline to the end of the four-week intervention; significance 

(paired t-test p-value) of change in metabolic syndrome component scores from baseline to the final 4-week visit. 

Discussion 

This feasibility study, incorporating a tree nut and EVOO intervention and epigenetic aging 

estimates for individuals with MetS, is an initial step to support future studies testing the potential 

for a simple dietary intervention to slow epigenetic aging. This pilot intervention study also provides 

preliminary support for the translation of epigenetic aging biomarkers from a research concept 

towards a tool to meaningfully promote healthy lifestyle changes to improve cardiometabolic health 

among individuals at high risk for cardiovascular disease. The preliminary data generated by this 
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pilot study will be used to inform the design of a larger, long-term dietary intervention aiming to 

slow epigenetic aging and support epigenetic aging markers as surrogate measures of healthspan 

that can predict long-term clinical effects on cardiometabolic health. 

A key preliminary finding from this pilot study is the potential for epigenetic aging biomarkers 

as to serve as motivating factors for behavior change among adults with MetS. It is not well known 

if biological age, estimated using epigenetic markers, is a motivating factor for behavior change. As 

participants of the PREDIMED intervention with many CVD risk factors were found to have lower 

levels of adherence to the intervention than participants with fewer CVD risk factors [50], finding 

ways to motivate behavior change particularly among adults with many CVD risk factors is 

significant as it could improve adherence to dietary interventions aiming to reduce CVD risk. We 

qualitatively explored how participants perceived epigenetic age, and found the majority of 

participants reported “very much” wanting to know their epigenetic aging measures and felt that 

knowledge of epigenetic aging measures could serve as a motivating factor for behavior change. 

Epigenetic aging estimates also hold great promise to improve patient-centered care and screening 

for risk of disease and mortality. Although advanced epigenetic aging is strongly predictive for the 

risk of morbidity and mortality, our understanding of epigenetic age acceleration is in its infancy. 

Preliminary data generated by this pilot study supports the need for future larger studies to better 

understand the potential for using personalized epigenetic-based risk scores as a motivating factor 

for behavior change. 

Findings from this pilot study, and other recent findings support the association between MetS 

and advanced epigenetic aging, particularly as measured by the DunedinPACE epigenetic biomarker 

[48]. Fohr et al. reported the association between MetS and epigenetic aging to be independent of 

physical activity, smoking or alcohol consumption, and may be explained by genetics [48]. While 

genetics may be a major confounder in the association between MetS and epigenetic aging, Fohr et 

al. did not examine diet as a lifestyle factor potentially influencing the relationship between MetS and 

epigenetic aging. Our previous cross-sectional analyses in a subset of participants of the Women’s 

Health Initiative using baseline data indicate that higher diet quality is more strongly associated with 

lower DunedinPACE, that other epigenetic aging measures (i.e., Hannum, [5] Horvath, [6] PhenoAge, 

[8] GrimAge, [9]). Together, these results demonstrate the differences between various epigenetic 

aging biomarkers and suggest DunedinPACE may be a leading choice of current epigenetic 

biomarkers for predicting or monitoring clinical responses to dietary aging interventions. 

DunedinPACE is distinct from the other epigenetic aging measures in the method of its design that 

allows for distinguishing aging from cohort effects and from disease processes. DunedinPACE was 

built to predict pace of aging, based on within-individual longitudinal changes in 19 indicators of 

organ-system integrity across two decades in a cohort of individuals born in 1972 – 1973. 

DunedinPACE appears to be a sensitive epigenetic aging marker to both cardiometabolic health and 

diet; however, longitudinal studies are needed to test DunedinPACE as a molecular mediator of the 

effect of dietary intake on cardiometabolic health. 

Integration of dietary interventions and epigenetic data could be a powerful technique for 

understanding the impact of diet on the biological mechanisms of aging. Although this four-week 

study did not result in significant changes in epigenetic aging biomarkers, the pilot study was not 

powered to answer this question. Rather, this pilot study was intended to gauge participant interest 

in wanting to know their epigenetic aging scores, and to provide estimates of epigenetic aging 

biomarker variability to inform power calculations and design of a future intervention study. 

Emerging evidence from intervention studies supports the ability for diet to slow epigenetic aging 

longer than 18 months. For instance, a two-year diet intervention in 57 women counselled to adopt a 

plant-based diet with a low glycemic load, low in saturated and trans-fats and alcohol, and rich in 

antioxidants was associated with slowing of GrimAge compared to the 58 women in the control 

group [estimate: -0.66 (-1.15, -0.17, p=0.01)] [33]. Additionally, findings from the Comprehensive 

Assessment of Long-term Effects of Reducing Intake of Energy (CALERIE) trial, a two-year 

randomized controlled trial of 25% caloric restriction, reported caloric restriction (n=117) was 
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associated with a slower epigenetic aging measure (DunedinPACE) [10], compared to the control 

condition (n=68) [11]. Cross-sectional associations suggest that higher diet quality measured by the 

Healthy Eating Index (HEI), a measure of how well a person adheres to the US Dietary 

Guidelines[14], is associated with slower epigenetic aging (e.g., DunedinPACE) [35–37,49]. 

This feasibility study, incorporating epigenetic aging biomarkers in a tree nut and EVOO 

intervention in individuals with MetS, is an initial step in building our understanding of the 

relationship between diet, epigenetic aging, and MetS, and how epigenetic aging biomarkers may be 

perceived by individuals at high risk for CVD. Results from this study will be used to design a future 

longer, larger trial powered to test for changes in epigenetic aging. There are a number of limitations 

to interpretation of the preliminary findings from this pilot study, including the short time window 

of the intervention and small sample size. Additionally, the absence of a placebo control group makes 

it difficult to isolate the specific effects of the tree nut and EVOO intervention from potential placebo 

effects. Overall, findings from this pilot study demonstrate an advanced pace of aging among 

individuals with MetS, and interest among individuals with MetS in knowing their epigenetic aging 

measures. Further, the pilot study findings provide support for the potential for biological aging 

measures to motivate behavior change. These findings provide critical information to inform the 

development of future aging intervention studies aiming to test the ability of a simple dietary 

intervention involving supplementation of tree nuts and EVOO to slow biological aging. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
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